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PHYSICAL REVIEW. 

A METHOD OF MEASUREMENT OF THE PELTIER 
E.M.F. IN ABSOLUTE UNITS. 

B Y H A R O L D C. B A R K E R . 

r I ^HE measurement of the Peltier E.M.F. in absolute units has 
-•* been undertaken in the past by a few investigators, who have 

applied various more or less refined calorimetric procedures to that 
end. 

Le Roux1 used a system of two calorimeters containing water 
or mercury, and noted the changes in temperature with mercury 
thermometers, estimating to o.oi°. 

Jahn2 applied the Bunsen ice calorimeter. 
Lecher3 has devised a special form of calorimeter, using petroleum 

as absorbent. He calibrates it by electrical heating, and measures 
the changes in temperature in terms of galvanometer deflection 
with the aid of ten iron-constantan thermo-elements in series. 

Czermak,4 using Lecher's apparatus, has determined the absolute 
values of certain Peltier E.M.F.'s through a wide range of tempera
ture. 

The method now to be described rests essentially upon the fol
lowing principle. Given two vessels containing a suitable liquid 
heat absorbent, thermally equal in every respect when at a common 
temperature, exposed to the same external conditions, and initially 

lAxm. de Chimie et de Physique, 4e serie, T . X., p . 201. 1867. 
2Ann. der Physik, Neue Folge, Bd. X X X I V , p 755, 1888. 
8Sitzungsb. d. kaiserl. Akad., Wien, 115, 2a, p . 1505, 1906. 
4Sitzungsb. d. kaiserl. Akad., Wien, 116, 2a, p . 657, 1135, 1907. 
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at the same temperature, the condition that they shall remain at a 
common though changing temperature is that heat shall be supplied 
to the two at equal rates. 

Now if, exclusive of external sources or sinks assumed common 
to the two, the sources consist of a current-carrying conductor 
composed of dissimilar metals, say M and N, the MN junctions 
being all in one vessel, and the NM junctions all in the other, it is 
evident that owing to the reversibility of the Peltier effect, the rates 
at which heat is supplied to the two are different, and a difference 
in temperature will ensue. But, if in each vessel be also placed a 
suitable heating coil to which current may be supplied at will, it 
will plainly be possible to compensate, equalizing the rates and 
maintaining the two vessels at a common though increasing tem
perature. 

Let i = current in MN conductor. 
Ra = resistance of MN conductor in vessel A. 
Rb = resistance of MN conductor in vessel B. 

a = resistance of heater in vessel A. 
b = resistance of heater in vessel B. 

ia = current in heater (a). 
% = current in heater (b). 

P = Peltier E.M.F. 
n = number of junctions in each vessel. 

Suppose the condition of compensation to have been attained 
by use of the heater in vessel B. To express the equality of the 
rates, we have 

RJ2 + nPi = Rbi
2 - nPi + bi2. (i) 

If Ra — Rh this is sufficient to determine P . But such equality 
is quite unnecessary. Reversing i> and again securing the com
pensated condition, now by the use of heater in vessel A, we have 

RJ2 - nPi + ai2 = Rbi
2 + nPi. (2) 

Subtracting (2) from (1) eliminates Ra and Rb, giving 

2nPi — ai2 = — 2nPi + bib
2. 

Whence 

p =
 ai" + bi* 

4ni 
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It is impossible in practice to realize a condition of complete 
thermal equality of the two vessels. The effect of inequality must 
therefore be considered. 

Let Ca and Ch represent the respective heat capacities of the 
two vessels, including contents. 

Let 0, 0i, 02, represent the temperature of the surrounding 
medium, and the common temperature of the two vessels in suc
cessive cases, respectively. 

Also, let ka and kb represent "radiation constants" of the two 
vessels, in joules per degree per second, if the electrical quantities 
are measured in the practical system. 

Now, the condition of compensation implies merely the equality 
of the rates of change of temperature with time for the two vessels. 

That is, with the current i in the first sense, as above, 

RJ2 + nPi - ka(fti - 0) _ R£ - nPi + hi2 - kh($i - 0) 
Ca " Ch ^ 

Reversing the current 

RJ2 - nPi + aig2 - Ki^-O) _ Rbi
2 + nPi - kh(d2 - 0) 

Ca "* Cb 

Eliminating Ra and Rb by subtracting 

2nPi - ai* fe„(02 - fli) - 2tiPi + bi* kt(9, - fli) 
~C. + Ca Cb

 + Cb 

It will now be seen that the conditions justifying the assumption 

fea(02 - 0i) _ kh(92 - 0i) 

can readily be attained. The proper choice of calorimetric vessels 
will make ka and kh very small and nearly equal. Again, 02 — 0i 
need never be large, and is common to both members. The numera
tors can therefore be made small and nearly equal, and if Ca and 
Cb be not unreasonably different, the assumption is justified. 

Making this assumption, we have 

2nPi — ai2 ___ — 2nPi + b%2 
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Whence 

P = 
Cbaia

2 + Cabi2 

2ni(Ca + Cb) 

Now Ca and Ch can be made different by a relatively small amount. 
Let 

Cb = Ca + c. 
Then 

P = 
Ca(aia*+bi* + ^-aij) 

or 

Expanding the last factor, we have 

p = £(«.« + w+1*.*) (i - £ + ^ - ^ 
From which 

or 

4ni 2Ca 4?n 4CJ2 4?n 

4wi 2Ca 4«i(i +C/2CJ' 

It is hardly open to question that no difficulty will be found in 
making c so small that, considering also the relation between the 
sum and difference of the nearly equal quantities ai2 and bib

2, no 
term but the first need be retained. The working formula in actual 
practice is thus the same as that developed on the originally stated 
assumptions, namely 

P =
 ai- + U* . 

4.ni 

It is to be noted that the approximate thermal equality of the 
two vessels is subject to easy test, by supplying the two heaters 
alone with measured currents simultaneously, and thus determining 
the relation between the rates of supply of heat to the two vessels 
such that no difference of temperature shall result. 
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The realization of the conditions outlined in the foregoing dis
cussion was attempted with the aid of the apparatus illustrated 
by the diagram. 

Two closely similar Dewar vacuum jacketed tubes were chosen 
as calorimeters. The heat absorbent finally used was paraffin oil. 
A copper-constantan thermo-element with one junction in each 

HEATER LEADS (B) 1 

COPPER 

COPPER ^L flfltln 
kp-l 

CONSTANTAN 1 jl 

NICKEL | mm 

HEATER LEADS (A) 

C0??EH 

COPPER 

Fig. 1. 

vessel served, when the circuit was closed through a D'Arsonval 
galvanometer of high sensibility, as an efficient differential ther
mometer. Each tube was provided with a mercury thermometer 
graduated to 0.20, to determine the approximate temperature during 
the measurement. 

The stirring apparatus consisted of two simple stirrers, each made 
of a heavy nickel wire terminating below in a small propeller blade, 
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and above provided with a hard-rubber pulley to receive a slender 
belt. A piece of glass tube supported the stirrer as indicated in the 
diagram. A small electric motor was used to keep the stirrers in 
rapid rotation throughout the experiment. 

The two heaters were made of no. 38 manganin wire wound on 
strips of mica, with copper leads. The resistances were a = 12.24 
and b — 11.13 ohms. A storage cell was used to supply the heaters, 
with appropriate rheostats, and a Weston milammeter to measure 
the current. 

The subject of experiment was nickel-copper. For clearness, 
only one junction is shown in each tube; the actual number was 
five. The current was supplied by nine storage cells, three groups 
in parallel, each of three cells in series. This current was regulated 
by rheostat and measured by a shunted milammeter. 

The entire system was mounted by means of two wooden disks 
for each tube, one at the top of greater diameter, and one within 
the tube and loosely fitting it, through which the wires, thermom
eters and stirrers pass. The two calorimeters were finally packed 
into a large glass jar with cotton wool. 

The order of operation was simply as follows: With the current 
i in the first sense, the compensating current ib was determined. 
The current i was then reversed, and the compensating current ia 

determined. In preliminary work, the compensating current was 
reached by gradual approximation until a current was found that 
caused no deflection in some minutes. But this was quite tedious 
and uncertain compared with the later method, which consisted in 
noting the deflections each minute with currents less and greater 
than the compensating current by about 0.01 ampere, plotting the 
curves, and interpolating for the square of the compensating current 
between the squares of the two currents used, assuming the slope 
of the curve where it crossed the axis (galvanometer zero) to be a 
linear function of the current squared. In this manner the com
pensating current was determinable in an average time of about 
thirty minutes, during which the temperature of both calorimeters 
rose 1 to 3 degrees according to the value of i. 

The sensibility of the differential thermometer as used is perhaps 
best shown by the following illustration: The average value of the 
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change of deflection per minute for a difference of 0.001 ampere 
from the compensating current, whose total value was of the order 
of 0.1 ampere, was 0.015 cm-» the scale being distant about 165 cm. 
from the galvanometer, and easily readable to 0.01 cm. 

The galvanometer functioned as a rule quite regularly and satis
factorily; for a time, however, preceding a breaking of the suspen
sion, there was an erratic variation in its zero, which undoubtedly 
affects some of the measurements in some degree. 

Some possible refinements and extensions of the adopted pro
cedure are quite obvious. An increase in the heat capacity would 
make it easier to secure substantial equality, and would admit 
carrying out a measurement with a smaller total change in tempera
ture, provided the differential thermometer were made more sensi
tive. This last end is easily attainable by using a number of 
thermo-elements in series in place of a single element. 

It would be desirable also to surround the calorimeters with a 
medium whose temperature could be kept constantly equal to that 
of the calorimeters, thus reducing liability of error from radiation. 
With this precaution, the experiment could be carried out success
fully at temperatures widely different from room temperature. 

The subjoined table gives the results of all of the experiments 
made with the apparatus in the present form, none being omitted. 
One is incomplete, the effort to determine ib failing by reason of 
serious galvanometer irregularity. P is stated in volts; it can be 
reduced to calories per coulomb by division by 4.19. 

«42 

.1684 

.1730 

.1397 

.1157 

.1137 

.1723 

.1015 

.1431 

.1424 

.1026 

.1421 

W 

.1724 

.1669 

.1353 

.1040 

.1017 

.1642 

.0987 

.1303 

.1278 

.0951 

i 

2.448 
2.444 
2.028 
1.620 
1.612 
2.436 
1.521 
2.036 
2.034 
1.522 
2.028 

P 

6.96 X10-3 

6.95 
6.78 
6.78 
6.68 
6.91 
6.58 
6.71 

! 6.64 
i 6.49 

Approximate Mean 
Temperature. 

32.5° 
32.5 
30.0 
30.0 
29.5 
29.0 
26.5 
26.0 
26.0 
25.0 
23.0 

Mean value of ten results: P » 6.75 X 10"3 volts at 28.7°. 
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Jahn's results give, at o°, 5.08 X io~3 volts; Czermak finds, at 
190, 8.04 X 10-3 volts. 

I submit these results now with some reluctance, as I am con
scious that the method has not been fully investigated; but do so 
in view of an enforced interruption of the work, of uncertain dura
tion. 

It is a pleasure to me gratefully to acknowledge the assistance 
of my friend and colleague, Dr. R. H. Hough. 

THE RANDAL MORGAN LABORATORY OF PHYSICS, 

UNIVERSITY OF PENNSYLVANIA. 


